Abstract. Although root caries is found among patients of all ages, it demonstrates an increase in incidence with advancing age. Patients with liver diseases suffer from altered immunity and several disorders that may result in hyposalivation leading to dental caries. Patients with diagnosed viral and non-viral hepatitis were clinically examined for presence of root caries or filled root lesions and Root Caries Index was calculated for each patient. Demographic data and whole unstimulated saliva collected over a recorded time at mid-morning were obtained and salivary flow rate for each patient was calculated. For 114 chronic liver diseased patients and 50 controls, the mean values of Root Caries Index were 2.50 and 0.34; whereas, the saliva flow rate values were 0.34 and 0.48, respectively. Root Caries Index increased with age, being higher among males than females 2.9, 2.3, respectively. The percentage of missing teeth was 45% and decayed teeth were 43%. In conclusion, root caries index was significantly correlated to age and gender with higher incidence among male patients, and in the buccal surface of posterior teeth.
Introduction
Root caries has become a significant oral health problem for older adults, this is due in part to the increase in the number of elderly surviving to an advance age with partially or fully dentate mouth. Longer retention of teeth will naturally result in an increased prevalence of dental caries and development of periodontal disease as loss of periodontal attachment and subsequently root exposure in the large proportion of surviving root surfaces [1] [2] [3] [4] . This contributes to caries or other oral problems for older dentate patients [5] . It was reported that 98.9% of patients aged above 35-years have root surface with gingival recession, and 78.1% had at least one carious lesion [6] .
Elderly people commonly suffer from one or more chronic medical conditions that result in decreased salivary quantity and altered salivary character owing to disease or medication use [7, 8] , the frequency of prescribed medication is reported to increase with age advancement [7] . Chronic disease can be a contributor to diminished oral hygiene efficacy because of impairments in functions such as vision or manual dexterity [5] .
It was previously reported that patients with chronic liver diseases (CLD) are more susceptible to bacterial infections that may lead to serious complications [9] . Increase of the incidence of oral bacterial infections such as: periodontal diseases, dental caries and sialadenitis has encouraged many investigators to evaluate dental findings in patients with liver diseases [10] [11] [12] [13] . However, most of the studies have focused on oral mucosal lesions and periodontal disease; studies that examine dental root caries in hepatitis are rare. This is even true in Saudi Arabia and the neighboring Gulf States that are considered of moderate endemic for hepatitis B virus [14] .
The prevalence of root caries in the United States increases with age (18-75+) from 7% to 56% [15] . Epidemiological data collection in northeast Germany reported increase in the percentage of root caries index (RCI) with age from 4.6% to 10.6% with a higher percentage of buccal-filled root surface [16] . Prevalence of root caries in Scandinavian countries, where cultural and nutritional habits are similar, varies from 30% in Finland [17] to 80% in Sweden [18] no risk factors were identified. Generally, risk factors of root caries are difficult to compare because of the variability in defining lesions and the challenge of diagnosing root caries.
In Saudi Arabia, data on the prevalence of root caries is scarce; the aim in this study was to assess the prevalence, pattern and distribution of root caries in chronic liver diseased patients and the relevence of age and gender on root caries among this group of patients.
Materials and Methods
Participants were informed of the nature and the purposes of the study. Only those who gave their consent were included. Complete medical histories, demographic data, and age were collected during the dental examinations -only patients above 18-years of age were included. Patients were classified into:
A. Chronic Liver Disease (CLD) patients included patients attending King Abdulaziz University Hospital (KAUH) -Endoscope Unit. For each participant in the study, the diagnosis of chronic liver disease was based on laboratory blood investigation that included liver function test enzymes and complete blood picture that was documented in each patient's medical record. The above classification and summing of CLD was used because of the small numbers of cases retrieved for each group. B. Control Group included patients attending Endoscope Unit because of gastric diseases, gastritis, duodenitis and esophageal varicose (all of which do not have any influence on caries prevalence), but were free of any hepatic pathology.
Disease Diagnosis

I. Saliva Collection
Unstimulated whole saliva was collected by asking each participant to spit accumulated saliva in a graded, sterile tube over a standardized period of 5 minutes. Each sample was measured using a pipette and recorded in millilitres (mls). A ratio of salivary flow/minute was calculated for each sample.
II. Intraoral Examination
Tooth Examination of CLD Patients and Control Participants
Each patient was clinically examined to determine numbers of decayed (D), missing (M) and filled roots (F). Radiographs were not indicated since root lesions are best detected clinically.
According to Banting [19] root caries was diagnosed in the presence of the following criteria:
1. There was a discrete, well-defined or discolored area. 2. A carious lesion was located either at the cemento-enamel junction or if it was present on the root. 3. Restored lesions were present on the root alone or at the cemento-enamel junction as well. 4. There was decay under a root restoration.
On endoscope day, two members of the research team examined patients using sterile examination kits for each patient and a light torch. Intra-oral examination was performed while the patient was lying on the bed after the endoscopy. Inter-examiner calibration was performed every 5 patients. RCI was used to measure the caries distribution. The index was previously described by Katz, 1981 [20] .
Statistical analyses were performed using SPSS program using Chi-Square test, t-test and ANOVA as appropriate. P value was set significant at < .05 throughout the analysis. Kappa test was performed for inter-and intra-examiner reliability and reproducibility.
Results
The study groups included 114 CLD patients and 50 control participants. The CLD patients were 63 males and 51 females, while controls were 25 males and 25 females. The inter-and intra-examiner reliability were 0.84, 0.86, respectively.
A. Root Caries. Root caries was detected in 75 of the 164 endoscopy patients examined. It was significantly higher in CLD patients than in the control subjects (P < .008) ( Table 1 ). There were significant correlations between RCI and both age and gender of CLD patients and control participants. Root caries was highly prevalent among males, than females (Table 2) . There were significant differences in SFR between CLD patients and controls (Table 1) . However, there was no significant correlation between salivary flow and RCI in CLD group.
RCI
C. Root Caries Pattern. Root caries was detected at higher rate on buccal surfaces than proximal and lingual surfaces (Fig. 1) . Generally, posterior teeth were affected more than anterior teeth in CLD patients in contrast to control participants who showed that both anterior and posterior teeth were equally affected. A higher percentage of missing teeth was evident in both CLD and control groups than was filled and decayed teeth (Fig. 2) . There was an overall significant value of root caries prevalence in all sites for CLD patients in comparison to the control group. When samples from CLD patients and controls were grouped together, caries was found on 67% of posterior teeth and 33% of anterior teeth ( Fig. 3) with 60% of the root caries occurring on the buccal surface (Fig. 4) .
Discussion
The result of this study shows the prevalence and pattern of distribution of root caries in liver diseased patients.
Root caries was evident among subjects of all age groups; however, both cross-sectional and longitudinal studies demonstrated a steady increase in prevalence and incidence with increasing age [21] . If root caries prevalence is judged based on the presence of active, restored or arrested lesions, virtually everyone over the age 65-years is considered affected [22, 23] . In agreement with other studies, the results of the current study show an increase of root caries incidence with age above 35-years [21, [24] [25] [26] [27] . This may be explained by the possibility of medicine side-effects and illnesses that might result in neglect of oral hygiene and dental care [28] . Chronic disease can also be a contributor to diminished oral hygiene efficacy because of impairments in functions such as vision or manual dexterity [5] . The shift from extraction to more endodontic treatment will increase the number of retained teeth in the adult population, this results in higher number of root surface at risk for caries. The increased number of retained teeth and higher incidence of gingival recession are considered of key importance to the risk of developing root caries in old age [5, 6] .
There was further similarity in this study with investigation by others, as to gender-associated high root caries where males recorded higher RCI than females [16, [29] [30] [31] [32] [33] . This could be attributed to differences in dental care behavior of women with respect to higher frequency of tooth-brushing, less sugar consumption and more regular dental check ups.
Salivary metabolic disorders with altered levels of calcium; higher inorganic phosphorus and Alkaline phosphatase (ALP) activity was reported to predispose to high caries rates and rampant caries in children [34] . This might explain the high percentage of RCI in CLD patients that was correlated with a high level of ALP that manifested in the enzyme investigation of CLD patients. Further investigation is required for adults, with expected subsequent influence of ALP on caries incidence in all ages.
The significance of the effect of liver dysfunction on salivary glands was reported by Glick [35] . In this study, the salivary flow was significantly lower in the CLD patients than in the control group. This reduction could be related to medication intake or the severity of illness of the diseased patient. Recent studies have revealed that the mean of drug intake increased with age from 0.9 in 55-year-olds to 2.4 in the 85-year-olds, having an inverse relationship between salivary flow and the number of drug intake [36] . A significant relationship between salivary parameters, such as buffer capacity, flow rate and plaque index was found in elderly population [37] . Despite seemingly low salivary flow rate, a person's oral environment may not be favorable for root caries development. Therefore, lack of association of low salivary flow and occurrence of root caries in cross-sectional studies is not surprising [38, 39] . This assumption supports the present results which showed non-significant correlation between RC and SFR among the CLD group.
The high rate of affected buccal surfaces with root caries in this study, is in agreement with other studies in reporting the high incidence of non-carious cervical lesions such as gingival recessions and wedge shaped defects which are most often found on buccal surface and are highly susceptible to caries [40] [41] [42] . Although it is expected that interproximal carious lesions occur more frequently than buccal and lingual lesions [21, 28] . The present study failed to support this assumption; this could be attributed to the diagnostic method that relied completely on clinical examination without using radiograph to confirm the presence of caries, which has probably under estimated the true prevalence and incidence of interproximal lesions.
Missing and decayed teeth exhibited a higher percentage than filled teeth in this study. In contrast, reports from United States of America and Europe indicate that filled teeth are most prevalent [15, 16, 33] . This could be due to the infrequent use of dental services, lack of social support network, less education, and physical debility and dependency. Also the ongoing loss of teeth with age is likely to produce an under estimation of the prevalence of root caries [21] . It was concluded that dental health behavior influences root caries occurrence and that caries on root surfaces is associated with poor dental health habits [29] .
The examiners didn't attempt to ascertain the underlying cause of missing teeth. Therefore, teeth could have been extracted because of periodontal disease, trauma, or coronal caries. It was difficult for CLD patients who were prepared for endoscopies to recall the exact reasoning for extraction. The assumption that teeth are missing because of caries is documented by the World Health Organization's protocol [43] .
The percentage of posterior root caries is greater than that of anterior teeth. This may be attributed to the difficulty in accessing those teeth by the patients. Studies have indicated that individuals who have coronal caries are 2-3.5 times more likely to develop root caries [30, 44] . Also, ethnicity is a relatively new variable in caries studies because of the difficulty in obtaining appropriate sample population sizes [45, 46] . Further, studies showed that the prevalence among susceptible surface in the mandible is highest posteriorly and the opposite is true for the maxilla [20, 28, 47, 48] .
Interpretation of data from prevalence and incidence studies is difficult due to differences in diagnostic criteria, treatment decisions and lack of homogenicity of the observed population [49] . Root caries, similarly to many diseases common in old age groups, is reflective of a problem in more than a single organ system, and its resolution may therefore require the efforts of professionals from more than one discipline.
Conclusions
The study shows high root caries prevalence in CLD compared to the control and the difference was statistically significant. This was attributed to low salivary flow rate seen in the CLD patients. Root caries were significantly higher on the buccal surfaces compared to other surfaces and in the posterior teeth more than the anterior. Root caries was found significantly higher in male than female in both groups. Root caries index increased as age increase. Root caries incidence was found to be further complicated by other advancing age factors.
